The objective of this study was to investigate the use of the reed stem in manufacturing three-layer particleboard. Variable factors were mixing ratio of reed and industrial wood particles (0:100, 25:75, 50:50, 75:25 and 100:0 in the surface and middle layers), press temperature (170, 180, 190 °C) and pressing cycle time (5, 6, 7 min). Other parameters such as resin content (8% in core and 10% in faces), hardener content (2%), press closing rate (4,5 mm/min), press pressure (30 kg/cm 2 ), board thickness (15 mm), and target density (700 kg/m 3 ) were held constant. The physical and mechanical properties of particleboard panels including modulus of rupture, modulus of elasticity, internal bonding, water absorption and thickness swelling were determined according to the procedures of European standards. The results showed that modulus of rupture, modulus of elasticity, internal bond, water absorption and thickness swelling increased with the increase of reed particles content. The positive influence of press temperature and press time can also be seen in terms of improved physical and mechanical properties. Based on the findings of this study, we can conclude that reed stem can be used to manufacture particleboard.
INTRODUCTION
Particleboard is a wood-based panel product manufactured under pressure and temperature from particles of wood or other lignocellulosic fibrous materials and binder. It is used widely in the manufacture of furniture, floor underlayment, and interior decoration (wall and ceiling paneling) (Maloney 1977) . Particleboard is 57% of total consumption of wood-based panels consumed and it is continuously growing at 2-5% annually. Particleboard consumption significantly increases each year. According to a report from Food and Agricultural Organization (FAO) of the United Nations, during 1998 world consumption of particleboard was 56,2×10 6 m 3 and in 2012 it had risen to approximately 98×10 6 m 3 (FAO 2012) .
Considering the fact that the raw materials especially in natural resources sector are limited, the woodworking industry has made several efforts to ensure the sustainability of raw materials. Therefore, for providing wooden raw materials, special attention should be paid to wood wastes/residues from woodworking industries and agricultural residues, because the particleboard industry is able to use and consume a wide range of wooden and nonwooden lignocellulosic wastes/residues (Troger et al. 1998 , Nemli et al. 2003 , Guntekin and Karakus 2008 . Alternative raw materials such as agricultural residues and fast-growing species can play an important role in the particleboard industry in the future (Papadopoulos et al. 2004 , Nemli et al. 2009 ). One of the natural resources that can be abundantly available in Iran is reed. Reeds cover vast regions in northern and southern Iran. There is a possibility of executing a harvest in Hoor-Alazim and Anzali lagoon as a natural site or habitat. According to a study in Hoor-Alazim, 80 tons per hectare of dried reed could be harvested. The use of reed fiber in particleboard production can help reduce the demand for wood fibers and also the environmental impact associated with wood fiber harvesting.
Much research has been done on the use of various nonwood fibers for particleboard manufacturing. Kalaycioglu and Nemli (2006) found that kenaf has potential as a raw material for particleboard manufacturing. They reported that the press temperature, press time, and shelling ratio positively affected the physical and mechanical properties of the panels. Azizi et al. (2011) , were investigated the performance characterizations of particleboards made with wheat straw and waste veneer splinters. They found that with the exception of modulus of elasticity, all the mechanical and physical properties decreased with the increase of wheat straw content. Also, all the mechanical and physical properties of the boards were improved when the press temperature was increased from 140 to 170 °C. They reported that wheat straw and beech veneer splinters have potential as supplement fibrous materials, in combination with wood particles for particleboard manufacturing and indoor applications. Khanjanzadeh et al. (2012) , were studied the utilization of bio-waste cotton stalks and underutilized paulownia in wood-based composite particleboard. The results indicated that the addition of cotton stalks and paulownia wood in particleboard improved mechanical properties of boards significantly. However, the water resistance decreased with increasing cotton stalk and paulownia wood particle contents.
The objective of this study was to use of the reed stem as a raw material for laboratory made threelayer particleboard and to test the physical and mechanical properties of panels to determine if they have required levels of properties for general uses. In addition, influence of press temperature and pressing cycle time on the physical and mechanical properties of particleboards made with reed stem and industrial wood particles was investigated.
EXPERIMENTAL Materials
The raw material of this study included reed stem and industrial wood particles (consisting of mixed hardwood species such as alder, eucalyptus, poplar, beech and maple). Reed (Phragmites communis Trinius) stem was directly obtained from the Mahmodabad area, which is located in northern Iran; and industrial wood particles were supplied by Takhte Feshorde Shomal Co, Iran. Urea-formaldehyde (UF) adhesive with a solid content of 53%, density of 1210 kg/m 3 , viscosity of 15 cp, gelation time of 55 s, and pH of 7,5 was purchased from Tehran Chasbsaz Co, Iran. Ammonium chloride (NH 4 Cl) solution (solid content: 20%) was used as a hardener.
METHODS
Before production of boards, the reeds were chipped using industrial-scale drum-chipper; before the chips were reduced into smaller particles by a knife-ring flaker. The average size of reed particles was 8,65 mm in length, 1,82 mm in width and 0,37 mm in thickness and wood particles averaged 12,49×2,73×0,65 mm 3 . Then the particles were oven-dried at 80 ºC for 24 h to a moisture content of less than 3% prior to processing.
The ratio of the mixture of reed and industrial wood particles were chosen at five levels of 0:100, 25:75, 50:50, 75:25 and 100:0 to manufacture the boards. Press temperature and pressing cycle time were selected at three levels of 170, 180, 190 °C and 5, 6 , 7 min, respectively. Other parameters such as resin content (8% and 10% UF resin were applied for the core and face layers, respectively), hardener content (2%), press closing rate (4,5 mm/min), press pressure (30 kg/cm 2 ), board thickness (15 mm), and target density (700 Kg/m 3 ) were held constant. For each treatment, three replications were done. Based on these variables 45 board formulations were manufactured with three boards of each type resulting in 135 boards in total.
Before blending, reed and industrial wood particles were screened by a screening machine and the particles between 3 and 1,5 and 1,5 and 0,8 mm sieve were utilized in the core and outer layers, respectively. Then, the particles were introduced in a rotating drum-type blender and sprayed with UF and NH 4 Cl for 5 min to obtain a homogenized mixture. The materials were placed in a molding frame and spread to fill evenly. The resinated particles were then pressed into panel mat using a laboratory scale hydraulic hot press. The nominal dimensions of the boards were 320×300×15 mm 3 . Stop bars were used in the press to allow the same board thickness to be achieved for all the test runs. No wax or any other hydrophobic substance was applied for manufacturing of the boards. After pressing, all boards were trimmed to a final size of 250×250×15 mm 3 . Consequently, the board samples were conditioned for 2 weeks at 65% relative humidity and 25 ºC. Finally, the modulus of rupture (MOR), modulus of elasticity (MOE), internal bonding strength (IB), water absorption (WA), and thickness swelling (TS) after 24 hour water soaking of samples was measured according to European standards (EN 310, EN 317, EN 319). The statistical analysis was conducted using SPSS programming (Version 13) method in conjunction with the analysis of variance (ANOVA) techniques. Duncan multiply range test (DMRT) was used to test the statistical significance at α = 0,05 level.
RESULTS AND DISCUSSION
In general, statistical analyses showed that the mechanical properties in terms of MOR, MOE and IB of the experimental boards were significantly influenced by the mixing ratio of fibrous materials; press temperature and press pressing cycle time (Table 1) . The results of an ANOVA indicated that the individual and interaction effects of variables on the mechanical properties of panels are significantly. The average values of mechanical properties (MOR, MOE and IB) of panels are shown in table 2. Based on EN standards 11,5 MPa, 13 MPa and 1600 MPa are the minimum requirements for modulus of rupture, and modulus of elasticity of particleboard panels for general uses and furniture manufacturing, respectively (EN 312-2, EN 312-3). The average modulus of rupture and modulus of elasticity ranged from 12,73 to 21,38 MPa and 1728 to 2474 MPa, respectively (Table 2) . According to the test results, all of the particleboards produced were higher than the EN requirements. It can be seen that the treatment with 100% reed, 190 °C press temperature and 7 min press time has highest MOR and MOE values among the other types of specimens.
The range of data in internal bonding was from 0,42 to 0,83 MPa ( Table 2 ). The internal bonding requirements are 0,24 MPa for general purpose boards; 0,35 MPa for interior fitments, load-bearing boards and 0,50 MPa for heavy duty load bearing boards by EN standards (EN 312-2, EN 312-3, EN 312-4, EN 312-6), respectively. According to the test results, all of the particleboards produced were higher than the requirement for general purpose, interior fitments, load-bearing boards and heavy duty load bearing boards. It can be seen that the treatment with 100% reed, 190 °C press temperature and 7 min press time has highest IB values among the other types of specimens.
The results showed that mechanical properties (MOR, MOE and IB) increased as the amount of reed particles increased. The reason for this improvement can be related to the low density of reed particles which causes more densification. This in turn leads to better adhesion during hot pressing. The positive influence of press temperature and press time can also be seen in terms of improved mechanical properties. It is related closely with resin curing, decreasing of particle wettability, and increasing of particle surface area (Nemli 2002, Ashoria and Nourbakhsh 2008) . There are two conceptual approaches to explain those phenomenons. First, temperature will affect of UF bonding by facilities the liquid access and acceleration diffusion of resin molecule in particles. At low temperature, resin diffusion in particles will become lower that it caused the decrease in mechanical interlocking. Second, pressing temperature affected the chemical substrats changes such as lignin melting, modification of hydrogen bonding that will increase the bonding strength value (Ashoria and Nourbakhsh 2008 , Hashim et al. 2011 , Iswanto et al. 2014 ).
The statistical results are shown in tables 3 and 4 and demonstrate the influence of mixing ratio of fibrous materials, press temperature and press pressing cycle time on the WA and TS properties of produced boards. The results of an ANOVA indicated that the individual and interaction effects of variables on the physical properties of panels are significantly. Results indicate that as the amount of reed particles increases, the water absorption of the boards increases significantly. Average water absorption of the samples ranged from 30,13% to 64,93% for 24 h immersion (Table 4) . Reed particles affected the WA negatively. This is due to high amount of pith which consists of parenchyma cells. The parenchyma tissue makes the panels more water uptake due to the presence of more hydroxyl group which enables more hydrogen bonding formation. In addition, the parenchyma behaved like a sponge making it easier for the panels to absorb water. Similar results were reported in previous studies (Ntalos and Grigoriou 2002 , Kalaycioglu and Nemli 2006 , Dahmardeh Ghalehno et al. 2011 .
The thickness swelling values of boards made with different amounts of fibrous mixture, at different levels of press temperature and press pressing cycle time are shown in Tables 3 and 4 . Based on EN Standards, particleboard should have a maximum thickness swelling value of 8% for 24 h immersion. The mean TS data of the particleboards obtained vary from 9,22% to 37,89% for 24 h immersion (Table  4) . The results indicate that as the reed content increased, the thickness swelling of the boards increased significantly. It is obvious that reed particles cause higher board swelling, which is the result of the lower adhesive content per surface area of reed particles in comparison to wood particles. This is due to the fact that reed particles are wider and considerably thinner, and consequently have a much larger surface area per weight unit than wood particles. Similar results were reported in previous studies , Nemli et al. 2009 , Azizi et al. 2011 . Table 4 . Physical properties of experimental particleboard panels. Also, it should be noted that the WA and TS of the boards were affected by press temperature and press pressing cycle time (Table 3) . The WA and TS of the experimental particleboards increased significantly with a decrease in press temperature and press time. The decrease of the WA and TS thickness swelling in the studied composites can be attributed to the same reasons as discussed concerning mechanical properties. It can be seen that the treatment with 100% reed, 170 °C press temperature and 5 min press time has highest WA and TS values among the other types of specimens.
CONCLUSIONS
The following conclusions could be drawn from the results of the present study: The reed particles usage increases the MOR, MOE, IB, WA and TS of particleboard.
The press temperature and press time positively affected the physical and mechanical properties of the panels.
Based on the initial mechanical property results of this study, it can be stated that reed stem has potential as a raw material for particleboard manufacturing.
Additional work is needed to determine the effects of the reed particles usage on the formaldehyde emission and surface roughness of particleboard, as well as improving the thickness swell performance.
